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Abstract

Importance—Time to surgery (TTS) is of concern to patients and clinicians, but controversy 

surrounds its impact on breast cancer survival. There remains little national data evaluating the 

association.

Objective—To investigate the relationship between the time from diagnosis to breast cancer 

surgery and survival, using separate analyses of two of the largest cancer databases in the United 

States.

Design—Two independent population-based studies of prospectively-collected national data 

utilizing the Surveillance Epidemiology and End Results (SEER)-Medicare-linked database 

(SMDB), and the National Cancer Database (NCDB).

Setting—The SMDB cohort included Medicare patients >65 years of age, and the NCDB cohort 

included patients cared for at Commission on Cancer-accredited facilities throughout the United 

States. Each analysis assessed overall survival as a function of time between diagnosis and surgery 

by evaluating intervals encompassing ≤30, 31–60, 61–90, 91–120, and 121–180 days in length, 

and disease-specific survival at 60-day intervals.

Participants—All patients were diagnosed with noninflammatory, nonmetastatic, invasive 

breast cancer and underwent surgery as initial treatment.

Main Outcomes and Measures—Overall and disease-specific survival as a function of time 

between diagnosis and surgery, after adjusting for patient, demographic and tumor-related factors.

Results—The SMDB cohort had 94,544 patients ≥66 years old, diagnosed 1992 – 2009. With 

each interval delay increase, overall survival was lower overall (hazard ratio [HR] 1.09, p<0.001), 

and in stage I (HR 1.13, p<0.001) and II (HR 1.06, p=0.010) patients. Breast cancer-specific 
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mortality increased with each 60-d interval (subhazard ratio [sHR] 1.26, p= 0.03). The NCDB 

study evaluated 115,790 patients ≥18 years old, diagnosed 2003 – 2005. The overall mortality HR 

was 1.10 (p<0.001) for each increasing interval, significant in stages I (HR 1.16, p<0.001) and II 

(1.09, p<0.001) only, adjusting for demographic, tumor and treatment factors.

Conclusions and Relevance—Greater TTS confers lower overall and disease-specific 

survival, and a shortened delay is associated with benefits comparable to some standard therapies. 

Although time is required for preoperative evaluation and consideration of some options such as 

reconstruction, efforts to reduce TTS should be pursued where possible to enhance survival.

INTRODUCTION

Delays in the treatment of breast cancer have been feared for decades, as even William 

Halsted proclaimed in 1907 that “we no longer need the proof [that]…the slightest delay is 

dangerous…in the early stage of breast cancer.”1 There is little doubt that waiting for 

treatment causes anxiety, but the published medical literature has not provided a consistent 

answer as to whether any specific preoperative time to surgery (TTS) is associated with an 

effect on overall or disease-specific survival.

There has been a movement to include TTS as a breast cancer quality measure,2–4 but only 

recently has this preoperative interval and the relationship of patient evaluation components 

to delay been comprehensively evaluated in Medicare patients.5 We have found that while 

the interval between presentation and surgery in Medicare patients is short, that time interval 

has been rising, from 21 days in 1992 to 32 days in 2005.5

This report details two separate studies undertaken to evaluate the relationship between TTS 

and survival, using two of the largest datasets in existence for the United States population: 

the Surveillance Epidemiology End Results (SEER)-Medicare linked database (SMDB), and 

the National Cancer Database (NCDB). If breast cancer survival is a function of the time 

between diagnosis and surgery, efforts to expedite care may be of value because of the 

outcome benefit that occurs.

METHODS

The SMDB and NCDB analyses were separately IRB-approved and permission was 

obtained, respectively, from the National Cancer Institute and American College of 

Surgeons. The data and analyses were kept separate and no attempts were made to compare 

data between cohorts, nor to determine whether patients overlapped, for privacy reasons and 

to comply with NCI requirements. Both analyses are presented here because of the 

representativeness of each cohort, and the consistent findings. No statistical analysis 

between the cohorts has been attempted, nor is warranted because the populations, variable 

definitions, and ranges differ.

Time intervals between diagnosis and surgery were set at 30-day increments, with the last 

two intervals combined due to smaller numbers. Intervals to assess overall survival (OS) 

were thus categorized as ≤30, 31–60, 61–90, 91–120, and 121–180 days, while disease-

specific survival (DSS) was characterized as ≤60, 61–120, and 121–180 days because of the 
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lower rate of cancer-specific events, and in order to minimize estimator variance. Time from 

diagnosis was used for OS and DSS so that patients would have a uniform starting time.

Race/ethnicity was included in the analysis to make the results more generalizable to the US 

population. Propensity score-based weighting, to adjust for confounding, was used to adjust 

for covariate differences in the time interval groups.6 We used multinomial logistic 

regression to estimate the propensity scores, stabilized them to improve covariate balance,7 

and used restricted cubic splines for continuous covariates.8 We created adjusted OS curves 

and adjusted cause-specific cumulative incidence functions using the inverse probability 

weight method.9 Cox proportional hazards regression with propensity score-based weights 

were used to estimate the hazard ratio (HR) associated with the time interval groupings and 

overall survival. Fine and Gray10 proportional hazards regression with propensity score-

based weights was used to estimate the subdistribution hazard ratio (sHR) associated with 

the interval length and breast-cancer specific mortality. We used bootstrap standard errors 

for hypothesis testing and 95% confidence intervals; the bootstrap method accounted for 

propensity score estimation. Differences in the effect of preoperative time interval by AJCC 

stage were examined via propensity score-based weighted regressions in which we included 

main effect terms for stage (two dummy indicators), the preoperative time interval variable 

(ordinal variable), and interactions of AJCC stage indicators with that interval length.

SEER-Medicare Database

Patients were diagnosed between 1992 and 2009 with invasive, noninflammatory, 

nonmetastatic breast cancer, having surgery as first therapy, and a definitive surgery date in 

Medicare claims ≤180 days after diagnosis. Exclusions included those having missing 

covariate data and those aged <66 to permit comorbidity assessment 12 months prior to 

diagnosis. Although patients were restricted to their first breast cancer occurrence, a history 

of other malignancies was permitted. While substage (i.e. II-A, II-B) migration between 

AJCC editions can occur in nearly 20% of patients, stage migration occurs in <0.2%,11 so 

substages were collapsed and not differentiated by edition. The diagnosis date, used as the 

preoperative interval start date, was determined by using SEER clinical diagnosis date 

(which only consists of a month and year) and searching for the first biopsy date during that 

month or the subsequent month. Patients were excluded who had no such discernable biopsy 

date.

As procedure codes for excisional biopsy and segmental mastectomy are sometimes used 

interchangeably in billing, inference of therapeutic intent was achieved by defining a 

patient’s definitive surgery as the first date on which claims for both ≥1 breast excision or 

mastectomy and a lymph node procedure were performed (eTable 1).

Adjustments were made for age, sex, race, marital status, income, education, size of 

metropolitan area, geographical region, year of diagnosis, sequence of breast cancer (within 

a history of other cancers), Charlson12 and Elixhauser13 comorbidity scores, histology, 

grade, tumor size, number of lymph nodes examined, number of lymph nodes positive, 

AJCC stage, surgery type, chemotherapy use, and radiotherapy use, via propensity score-

based weighting. Patients receiving neoadjuvant chemotherapy were excluded, and 

chemotherapy and radiotherapy use were defined as being administered if given ≤1 year 
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after surgery. Race was determined from the Medicare enrollment database variable, while 

comorbidity, surgery, chemotherapy, and radiotherapy, came from Medicare claims. 

Missing covariate data is listed in eTable 2.

National Cancer Database

The National Cancer Database14 cohort included those having noninflammatory, invasive, 

nonmetastatic breast cancer, having surgical treatment as their first modality ≤6 months after 

their diagnosis date. Patients were included if breast cancer was their first and only 

malignancy, and if diagnosis and treatment (all or part) was at the reporting facility. Patients 

without lymph node surgery or whose staging, diagnosis method, or treatment order was 

unknown were excluded. The NCDB does not provide a diagnosis date, but after 2002 

recorded the length of the interval between diagnosis and surgery. This interval length was 

present for cases diagnosed from 2003 onward. The NCDB requires follow-up of >5 years, 

so the cohort only included cases from 2003–2005 with follow-up through 2010.

The NCDB contains the most extensive surgery (e.g. a lumpectomy followed by 

mastectomy lists the patient as having a mastectomy). The NCDB also contains interval 

lengths from diagnosis to first surgery and from diagnosis to definitive surgery, to determine 

if the patient underwent >1 procedure. We excluded patients with >1 breast surgery to 

ensure capture of therapeutic surgery and to eliminate possible confounding excisional 

biopsies, ensuring that the analysis evaluated the time to therapeutic surgery. Patients 

receiving neoadjuvant chemotherapy were excluded, and chemotherapy and radiotherapy 

use were defined as being administered if given ≤1 year after surgery. Missing covariate 

data is listed in eTable 2.

Adjustments were made for age, sex, race, income, education, size of metropolitan area, 

geographical region, year of diagnosis, Charlson-Deyo comorbidity score, histology, grade, 

tumor size, surgical margins, number of nodes examined, number of nodes positive, AJCC 

stage, surgery type, chemotherapy, radiotherapy, endocrine therapy, facility type, distance to 

facility, class of case, and insurance type, via propensity score based weighting.

RESULTS

SEER-Medicare Database

There were 94,544 patients analyzed, after all exclusions (eFigure 1). Mean age (± standard 

deviation [SD]) was 75.2 (± 6.2) years and 99% were women. Individuals having ≤30, 31–

60, 61–90, 91–120, and 121–180 days between diagnosis and surgery comprised 77.7%, 

18.3%, 2.7%, 0.7%, and 0.5% of the patients, respectively; patient and tumor characteristics 

of these groups are listed in Table 1, demonstrating greater similarity among the groups after 

adjustment. Black race and Hispanic ethnicity, lobular histology, fewer node examined, 

large metropolitan region, higher Charlson and Elixhouser comorbidity scores, tumor size, 

the proportion of stage III tumors, the percentage of patients undergoing mastectomy, and a 

lack of chemotherapy use, increased steadily in the unadjusted data with an increase in the 

delay interval (Table 1).
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The increase in mortality in all stages for all patients and from all causes was 9% (HR 1.09, 

95% CI 1.06–1.13, p<0.001) for each preoperative interval category increase (Figure 1A). 

TTS was statistically significant with respect to OS in stage I (HR 1.13, p<0.001, 95% CI 

1.08–1.18) and stage II (HR 1.06, p=0.010, 95% CI 1.01–1.11), but not in stage III (HR 

1.06, p=0.17, 95% CI 0.97–1.16, eFigure 2). The HR interaction p for stages I vs II was 

p=0.048, stages I vs III was p=0.21, and stages II vs III was p=0.95.

Added risk of death due to breast cancer for each 60-day increase in TTS had a subhazard 

ratio [sHR] of 1.26 (95% CI 1.02–1.54, p=0.03). The association with disease-specific 

mortality was significant for stage I patients (subHazard ratio [sHR] 1.84; 95% CI 1.10–

3.07, p=0.02), but not for stage II or stage III patients. Interaction p’s for sHR were 0.042 for 

stage I vs. II; 0.059 for stage I vs III. Adjusted five-year OS is listed in Table 3A, and 62.6% 

of patients were diagnosed before 2005, allowing for at least 5 years of mortality follow-up. 

Hazard and subHazard ratios from the Cox and Fine and Gray models are listed in eTable 3. 

Cardiac and cerebrovascular disease, along with chronic obstructive pulmonary disease were 

the most frequent nononcologic specified causes of death (eTable 4).

National Cancer Database

There were 115,790 patients analyzed, after all exclusions (eFigure 1). NCDB cohort 

characteristics are shown with adjusted and unadjusted data by preoperative interval group 

in Table 2 and eTable 5, demonstrating greater similarity among the groups after adjustment. 

Mean age was 60.3 years (± 13.4), ranging from 18 to 90 years old, and nearly all were 

women. Patients who had intervals of ≤30, 31–60, 61–90, 91–120, and 121–180 days 

accounted for 69.5%, 24.9%, 4.1%, 1.0%, and 0.5% of the patients, respectively. Unadjusted 

prevalence of Black and Asian race, higher Charlson comorbidity score, large metropolitan 

setting, pacific region of the US, unknown grade/differentiation, stage III tumors, income <

$30,000, zip codes with the highest levels of education, the proportion of patients 

undergoing mastectomy, lack of chemotherapy, radiotherapy, and endocrine therapy use, 

and a lower proportion of private insurance increased steadily in the unadjusted data with an 

increase in the delay interval (Table 2).

The added risk of death from all causes for each interval increase in TTS was 10.0% (HR 

1.10, 95% CI 1.07–1.13, p<0.001, Figure 1B) for the entire cohort. TTS was associated with 

OS for stage I (HR 1.16, p<0.001, 95% CI 1.12–1.21) and stage II (HR 1.09, p<0.001, 95% 

CI 1.05–1.13), but not in stage III (HR 1.01, p=0.640, 95% CI 0.96–1.07, eFigure 3). 

Interaction p’s for sHR were 0.028 for stage I vs. II, <0.001 for stage I vs. III, and 0.039 for 

stage II vs. III. Hazard and subHazard ratios are listed in eTable 3. Cause-specific mortality 

is not available for the NCDB dataset. Mean follow-up among those who did not die was 

6.00 years (SD 1.80 years). Subgroup point estimates for five-year OS are listed in Table 

3B.

DISCUSSION

Although the relationship between the TTS and breast cancer outcomes might be assumed to 

be a modern healthcare concern, admonition about breast cancer treatment delays first 

occurred over 100 years ago1 with TTS at that time measured in months rather than days or 
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weeks.15 Until recently, there have been little data about waiting times in the United 

States5,16 and there remains little consensus about the relationship between delays and 

survival.

Although no dataset can determine every cause of delay, especially those on the part of the 

patient, we have noted that some factors increase in prevalence as preoperative delays 

increase. We have previously found that multiple factors correlate with a longer time to 

breast cancer surgery,5 but irrespective of the cause, when adjusting for these and numerous 

other demographic, tumor and treatment factors, delays still independently correlated with a 

slightly lower survival rate in both the SMDB and NCDB cohorts.

We have found that OS declines when the TTS increases, with OS affected in stage I and II 

but not stage III patients. The data for DSS are similar, with cancer-specific mortality data 

only available in the SMDB, where stage I patients exhibited lower survival as TTS 

increased. This observation that only stage I patients’ DSS and stage I and stage II patients’ 

OS are affected by preoperative delays could be due to lower numbers of higher stage 

patients, but we believe that breast cancer survivability in its earliest stage is more 

influenced by the TTS than later stages, because baseline mortality is smaller relative to the 

effect imposed by a delay in treatment. In both cohorts, OS and disease-specific survival for 

stage III disease were not influenced by TTS, suggesting either partial biologic 

predestination of outcome or a mortality risk that overshadows any small effect of 

improving delay by a matter of months. This effect may also be attenuated with age due to 

competing mortality risks. Because of this and because final stage is only available 

postoperatively, we believe that efforts to minimize preoperative delay for all patients is 

advisable.

We have adjusted for numerous variables in each study, but unmeasured confounders could 

still exist, as with every series, affecting survival negatively or positively. We excluded 

patients having neoadjuvant chemotherapy in these analyses to maintain cohort homogeneity 

and because we found that these patients had a markedly longer TTS because of the lengthy 

time imposed by the treatment itself, with lower survival related to its indications, skewing 

the data towards the appearance of artificially worse outcomes with longer delays. The slight 

differences we see in the magnitude of effect by delay for the SMDB versus NCDB cohort 

may reflect the complexities in the relationship between age and tumor biology,17 or age and 

treatment,18 that cannot be clearly defined in these datasets. It also must be recognized that 

the effects seen here may result from delay to surgery, delay to postoperative therapy, or 

both. For patients where surgery is the first treatment before systemic therapy, these 

possibilities are inextricable, and all underscore the need to avoid undue delay.

TTS and its effect on survival is a ubiquitous concern of cancer patients, and a question 

frequently posed in consultations with surgeons. Elimination of undue delay is desirable to 

both reduce anxiety and lower risk, and we believe that this study provides clinicians needed 

data to answer patients’ questions about TTS and its impact on outcome. While the absolute 

magnitude of the 5-year survival difference was small (4.6% and 3.1% for ≤30 days vs 91–

120 days in SMDB and NCDB patients, respectively) this benefit is comparable to the 
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addition of some standard therapies, such as the recent extension of tamoxifen therapy from 

5 to 10 years19 while not having the side effects or costs found with most interventions.

Whether TTS should be revisited as a quality measure could be debated in light of practical 

matters that contribute to delay. Some of these are patient-driven, such as the desire for 

multiple opinions, limitations in the patient’s schedule, or not seeking care as instructed. 

Some may be system-driven such as a lack of available operating room time, appointment 

times, insurance issues and barriers to care. Yet others may be physician-related, such as 

schedule limitations, or excessive use of imaging or other testing. The National Quality 

Forum, National Comprehensive Cancer Network, and American Society of Clinical 

Oncology have already ratified at least three time-dependent breast cancer measures.20 

These include receipt of tamoxifen or an aromatase inhibitor within 1 year of diagnosis, 

initiation of breast radiotherapy within 1 year of diagnosis, and receipt of adjuvant 

chemotherapy within 4 months of diagnosis.

Questions remain as to whether time-dependent measures improve the quality of care,21 but 

there has already been consideration of TTS as a quality measure.2–4 The previous lack of 

clear data has weakened the need for such a standard, but our findings here suggest that 

consideration of a reasonable delay threshold for surgery might be appropriate, as it has been 

for medical oncology and radiation oncology. Because only 1.2% and 1.5% of the SMDB 

and NCDB patients, respectively, had a TTS that was over 90 days, providing these few 

breast cancer patients the 3–5% survival benefit associated with reduced delay also seems 

achievable.

Unfortunately, prior studies on survival and delay have been inconclusive. While some 

suggest that these factors are linked,22–24 others have found no correlation.25–27 Many select 

an arbitrary single interval cutoff23,24,26 at which delay is defined. In our two series, the 

cohort sizes provide power beyond that achieved by prior analyses, and allow for multiple 

delay groups of varying lengths, while adjusting for numerous confounders to allow the 

relationship to become clearer. The similar results between separate analyses of these two 

large national datasets, having different characteristics, is also compelling and suggests that 

the effect of delay on survival is a true phenomenon and not one specific to a particular 

cohort.

Although this report describes two population-based series, a prospective study randomizing 

patients to varying degrees of delay is unlikely to occur because of both ethical 

considerations and aversion to delays in treatment. For this reason, we believe that these 

analyses of two of the largest prospectively-collected datasets in existence for the United 

States provide the most definitive demonstration possible. The 15-year estimates and the 

120–180 day estimates do show a larger benefit of minimizing delay, but these subgroups 

also have very few individuals at risk, limiting the power of even these large analyses.

In conclusion, survival outcomes in early stage breast cancer patients are affected by the 

length of the interval between diagnosis and surgery, and efforts to minimize that interval 

are appropriate. Although the effect on both overall and disease-specific survival remains 

small, consideration should be given to establishing reasonable and attainable goals for the 

Bleicher et al. Page 7

JAMA Oncol. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



timing of surgical interventions, to afford this population a finite, but clinically relevant, 

survival benefit.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Adjusted Overall Survival
A. Adjusted overall survival for SEER-Medicare Database patients for preoperative delay 

intervals of ≤30, 31–60, 61–90, 91–120, and 121–180 days. Hazard ratio for each increasing 

delay interval = 1.09 (95%CI 1.06–1.13, p<0.001).

B. Adjusted overall survival for National Cancer Database patients for preoperative delay 

intervals of ≤30, 31–60, 61–80, 81–120, and 121–180 days. Hazard ratio for each increasing 

delay interval = 1.10 (95%CI 1.07–1.13, p<0.001).
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Figure 2. Adjusted Breast Cancer-Specific Mortality
Adjusted breast cancer-specific mortality for SEER-Medicare patients, for preoperative 

delay intervals of ≤60, 61–120, and 121–180 days. Panels show (A) all stages combined, (B) 

Stage I, (C) Stage II, and (D) Stage III patients. SubHazard ratio for all stages was 1.26 

(95% CI: 1.02–1.54, p=0.03), and subHazard ratios were 1.84 for Stage I (95% CI: 1.10–

3.07, p=0.020), 1.03 (95% CI: 0.83–1.28, p=0.80) for Stage II, and 1.04 (95%CI: 0.82–1.33, 

p=0.74) for Stage III. p-values for comparing the sHR in Stage I to the sHRs in Stage II and 

III were p=0.042 and p=0.059, respectively.

A. All stages combined.

B. Stage I patients.

C. Stage II patients.

D. Stage III patients.
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